UNCLASSIFIED 


_ AD  NUMBER _ 

AD839031 

LIMITATION  CHANGES 
TO: 

Approved  for  public  release;  distribution  is 
unlimited. 


FROM: 

Distribution  authorized  to  U.S.  Gov't,  agencies 
and  their  contractors ; 

Administrative /Operational  Use;  MAY  1968.  Other 
requests  shall  be  referred  to  U.S.  Army 
Materiel  Command,  Attn:  AMCPM-IR,  St.  Louis,  MI 
63166. 


_ AUTHORITY 

USAAVSCOM  Itr,  12  Nov  1973 


THIS  PAGE  IS  UNCLASSIFIED 


AD  _ 

RDTE  PROJECT  NO.  1X179191D684 
USAAVCOM  PROJECT  NO.  67-07 
USAAVNTA  PROJECT  NO.  67-07 


ANALYTICAL  STUDY 
OF  RANGE  PERFORMANCE 
OF  A  UH-1C  HELICOPTER  EQUIPPED 
WITH  A  LYCOMING  T53-L-13  ENGINE 


LETTER  REPORT 


RODGER  L.  FINNESTEAD 
PROJECT  OFFICER 


MAY  1968 


US  ARMY  AVIATION  TEST  ACTIVITY 
Edwards  Air  Force  Base,  California  93523 


.  .  <r 


y" 

DEPARTMENT  OF  THE  ARtvtY 
US  ARMY  AVIATION  TEST  ACTIVITY 
Edwards  Air  Force  Base,  California  93523 

SAVTE-P  1  September  1968 


SUBJECT;  Change  No.  1  to  Letter  Report  for  Analytical  Study  of  Range 
Performance  of  a  UH-IC  Helicopter  Equipped  with  a  Lycoming 
T53-L-13  Engine,  USAAVNTA  Project  No.  67-07. 


SEE  DISTRIBUTION  (INCLOSURE  II) 


The  following  change  is  made  to  subject  letter  report: 

a.  Page  4,  paragraph  6b,  change  "b.  For  high  altitude  heavy  weight, 
long  range  missions  at  range  performance  are  improved  (para  5c)."  to  read 
b.  For  high  altitude  heavy  weight,  long  range  missions,  the  range  performance 
is  improved  (para  5c  and  5d)  . 

FOR  THE  COMJ-IANDER: 


1  Incl 
as 


\ 

\ 

CURTIS  W. 
ILT,  AGC, 
Adjutant 


PIERCE 


RDTE  PROJECT  NO.  1X1791910684 
USAAVCOM  PROJECT  NO.  67-07 
USAAVNTA  PROJECT  NO.  67-07 


ANALYTICAL  STUDY 
OF  RANGE  PERFORMANCE 
OF  A  UH-IC  HELICOPTER  EQUIPPED 
WITH  A  LYCOMING  T53-L-13  ENGINE 


LETTER  REPORT 


RODGER  L.  FINNESTEAD 
PROJECT  OFFICER 


MAY  1968 

US  ARMY  AVIATION  TEST  ACTIVITY 
Edwards  Air  Force  Base,  California  93523 

iii 


DDC  Availability  Notice 


US  military  agencies  may  obtain  copies  of  this  report  directly 
from  DDC.  Other  qualified  users  shall  request  through  the 
Commanding  General,  Hq,  US  Army  Materiel  Command  (USAMC) ,  ATTN; 
AMCPM-IR,  St.  Louis,  Missouri  63166. 

Reproduction  Limitations 

Reproduction  of  this  document  in  whole  or  in  part  is  prohibited 
except  with  permission  obtained  through  the  Commanding  General, 
Hq,  USAMC,  ATTN:  AMCPM-IR,  St.  Louis,  Missouri  63166.  DDC  is 
authorized  to  reproduce  the  document  for  United  States  Govern¬ 
ment  purposes. 


Disposition  Instructions 

Destroy  this  report  when  it  is  no  longer  needed.  Do  not  return 
it  to  the  originator. 


Trade  Names 

The  use  of  trade  names  in  this  report  does  not  constitute  an 
official  endorsement  or  approval  of  the  use  of  the  commerical 
hardware  and  software. 


Distribution 


This  document  may  be  further  distributed  by  any  holder  only  with 
specific  prior  approval  obtained  through  the  Commanding  General, 
Hq,  USAMC,  ATTN:  AMCPM-IR,  St.  Louis,  Missouri  63166. 


■1 


I’,:-. 

®^warcl3  A  4 

Air  Fore 


U.  S. 


■I 

G  Base 


ACTiV’iry 

California  93R23 


SUBJECT:  Letter  Report  of  Analytical  Study  of  the  Range  Perform¬ 
ance  of  a  UH-IC  Helicopter  Equipped  with  a  Lycoming  T53- 
L-13  Engine. 


Commanding  General 

US  Army  Aviation  Materiel  Command 

ATTN:  AMSAV-ER 


1.  references: 

a.  Technical  Report,  US  Army  Aviation  Test  Activity  (USAAVNTA) 
Project  Number  62-28,  "Engineering  Flight  Test  of  the  UH-IB  Heli¬ 
copter  Equipped  with  the  Model  540  Rotor  System,  Phase  D," 

December  1960. 

b.  Technical  Report,  USAAVNTA  Project  Number  66-04,  "Interim 
Report  Engineering  Flight  Test  of  the  UH-IH  Helicopter,  Phase  D 
Product  Improvement  Test,"  August  1967. 

c.  Technical  Report  No.  204-947-125,  "Detail  Specification  for 
JH-13  Utility  Helicopter,  FY  64  Procurement,"  Bell  Helicopter  Com¬ 
pany,  20  May  1963,  as  amended  20  January  1965. 

d.  Technical  Report  No.  204-100-149,  "Flight  Test  Results  of  a 
Lycoming  Model  T53-L-13  Engine  Installed  in  a  UH-IC  Helicopter, 
P.l.P.  Task  No.  6-llA,"  Bell  Helicopter  Company,  27  January  1967. 

e.  Specification  No.  104.33,  "Model  Specification  T53-L-13 
Shaft  Turbine  Engine,"  Lycoming  Division  of  AVCO  Corporation,  30 
September  1964,  as  amended  6  May  1966. 

f.  Technical  Manual,  TM  55-1520-211-12,  "Operator's  Manual 
Array  UH-IA  and  UH-IB  Helicopters,"  Department  of  the  Army. 

2 .  BACKGROUND  : 

On  25  May  1967,  the  USAAVNTA  was  directed  to  analytically 
evaluate  the  range  performance  of  a  UH-IC  helicopter  equipped  with 
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ance  of  a  UH-IC  Helicopter  Equipped  with  a  Lycoming  T53- 
L-13  Engine . 

a  Lycoming  T53-L-13  shaft  turbine  engine.  The  T53-L-13  engine 
Model  Specification  (ref  e,  para  1)  was  to  be  used  when  developing 
the  fuel  consumption  and  power  relationships.  The  engine  inlet 
characteristics  presented  in  reference  a,  paragraph  1,  were  to  be 
incorporated  into  the  analysis. 

3.  TEST  OBJECTIVES:: 

The  objective  of  this  study  was  to  analytically  evaluate  the 
range  performance  of  the  UH-IC  helicopter  when  equipped  with  a 
Lycoming  T53-L-13  shaft  turbine  engine. 

4.  DESCRIPTION  OF  MATERIEL^ 

The  T53-L-13  is  a  free  turbine  engine  rated  at  1400  shaft 
horsepower  (shp)  derated  to  1100  shp  for  installation  in  UH-1 
series  helicopters.  The  increase  in  power  and  improved  accelera¬ 
tion  characteristics  of  the  T53-L-13  engine  are  accomplished  by 
modification  of  the  axial  compressor,  addition  of  variable  inlet 
guide  vanes,  addition  of  a  second-stage  gas  producer  turbine,  and 
addition  of  a  second-stage  power  turbine.  This  modification 
results  in  a  weight  increase  of  approximately  34  pounds  which 
includes  30  pounds  increase  in  engine  weight. 

5.  RESULTS  AND  DISCUSSION: 

a.  General  -  This  report  presents  the  analytical  evaluation 
of  the  range  performance  of  a  Uli-lC  helicopter  equipped  with  a 
T53-L-13  free  turbine  engine.  The  stability  and  control  charac¬ 
teristics  presented  in  reference  a,  paragraph  1  were  also  reviewed 
for  possible  problem  areas  that  might  be  encountered  when  install¬ 
ing  the  T53-L-13  engine  in  the  UH-IC  helicopter. 

b.  The  range  summary  of  the  UH-IC  helicopter  equipped  with  a 
T53-L-13  was  analytically  evaluated  using  references  a  and  e, 
paragraph  1,  The  inlet  characteristics  and  shp  required  for  level 
flight  were  derived  from  reference  a  and  the  fuel  flow  versus  shp 
was  obtained  from  reference  e.  The  data  presented  in  this  report 
are  applicable  to  an  inlet  that  does  not  have  a  particle  separator 
installed.  Figure  1  and  2,  inclosure  1,  present  the  estimated  range 
performance  summary. 
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c.  The  range  performance  of  the  UH-IC  helicopter  equipped  with 
the  T53-L-13  engine  was  analytically  found  to  be  substantially  in¬ 
creased  over  that  equipped  with  the  T53-L-11  engine  and  is  presented 
in  table  1. 

Table  1.  Standard  Day  Range  Performance  Comparison. 


Altitude  =  5000  feet 
Rotor  Speed  =  324  rpm 
C.G.  Mid 


Gross 

Weight 

lb 

Cruise  Airspeed  V  -  knots 

Specific 

Airspeed 

Range  at  C 
-  nautical 

ruise 

air  mile/lb 

T53-L-11 

T53-L-13 

%  Increase 

T53-L-11 

T53-L-13 

%  Increase 

7500 

111.5 

126.0 

13.0 

.211 

.214 

1.5 

8500 

109.5 

125.5 

14.6 

.195 

.204 

4.6 

9500 

105.5 

115.0 

9.0 

.166 

.181 

9.0 

d.  The  greatest  increase  in  recommended  cruise  airspeed 
occurred  at  a  gross  weight  of  8500  pounds.  However,  the  specific 
range  increased  with  increasing  gross  weight.  This  calculated 
increase  in  cruise  airspeed  and  specific  range  will  greatly 
enhance  the  mission  capability  of  UH-IC  helicopters.  The  increase 
in  mission  capability  would  also  be  dependent  on  satisfactory 
handling  qualities,  vibration  characteristics  and  component 
service  life  at  the  increased  cruise  airspeed.  The  affect  of  in¬ 
creased  weight  must  be  considered  in  assessing  the  effects  of 
improved  power  economy.  If  mission  takeoff  gross  weight  is  held 
constant  at  8500  pounds,  payload  is  reduced  at  mission  ranges 
below  150  nautical  air  miles  and  increased  at  greater  ranges . 

e.  The  hovering  and  climb  performance  should  also  be  signifi¬ 
cantly  increased  with  the  installation  of  the  T53-L-13  turbine 
engine  when  the  vehicle  is  operated  at  atmospheric  conditions 
where  transmission  torque  limits  cannot  be  reached. 
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f.  Performance  and  stability  and  control  testing  should  be 
conducted  on  a  UH-IC  helicopter  with  the  T53-L-13  engine  installed. 
After  reviewing  the  findings  in  references  a,  b  and,  d,  paragraph 
1,  this  testing  is  mandatory.  The  testing  will  evaluate  any 
changes  in  the  aircraft  flight  envelope  that  may  be  realised  with 
the  installation  of  the  T53-L-13  engine.  The  test  program  would 
also  yield  necessary  information  to  update  the  appropriate  US  Army 
manuals  and  verify  that  no  safety-of-f light  conditions  exist. 

6.  CONCLUSIONS: 

a.  The  T53-L-13  engine  installed  adds  to  the  aircraft  empty 
weight  and  may  compromise  the  pay  load  capability  (para  5d) . 

b.  For  high  altitude  heavy  weight,  long  range  missions  at 
range  performance  are  improved  (para  5c) . 

c.  The  increased  power  available  should  improve  the  perform¬ 
ance  capability;  greater  benefits  being  derived  as  atmospheric 
conditions  become  more  severe  (para  5e) . 

7.  RECOMMENDATIONS: 

Engineering  flight  testing  of  the  UH-IC  helicopter  with  the 
T53-L-13  engine  installed  be  performed  to  determine  if  the  pre¬ 
viously  established  flight  envelope  will  be  affected  and  to 
verify  the  calculation  performance  . 
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